Heparan sulfate (HS) is generated by the elongation of the repeating units composed of GlcA and GlcNAc residues followed by the various modification of the sugar residues, N-sulfation, uronosyl 5-epimerization, 6-O-sulfation, 2-O-sulfation and 3-O-sulfation, and the resulting HS chains have extremely divergent structures. These heparan sulfates function as the stabilizer, stimulator, coreceptor, regulator of the local concentration for the ligands via the interaction with various kinds of proteins. Not all but most interactions between HS and the ligand molecules occur in the regions of the HS with specific monosaccharide sequences and sulfation patterns such as the binding domains for antithrombin III, FGF-2 and HGF. We previously cloned and characterized heparan sulfate 2-O-sulfotransferase (HS2ST) and three isoforms of heparan sulfate 6-O-sulfotransferase (HS6ST-1. -2, -3) containing one spliced form of HS6ST-2. We generated heparin /HS oligosaccharide libraries semienzymatically using these recombinant enzymes and investigated the specific binding structure for heparin binding growth 
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An octasaccharide (Octa I), which is composed of four units of HexA-GlcNSO 3 , was prepared from completely desulfated N-resulfated heparin (CDSNS-hep) by partial enzymatic digestion followed by gel chromatography and ion-exchange chromatography. Sulfated octasaccharide libraries containing one to three 2-O-sulfate groups per molecule and one to three 6-O-sulfate groups per molecule were prepared by incubating Octa I with the recombinant HS2ST and the recombinant HS6ST-1, respectively, together with PAPS. The octasaccharide libraries thus obtained and Octa II containing three units of HexA(2SO 4 )-GlcNSO 3 (6SO 4 ) prepared from heparin were used for determining the interaction with various growth factors involving FGF-2, -4, -7, -8, -10, -18, HGF and VEGF by affinity chromatography. These growth factors could be classified roughly into five groups. Group 1, they did not bind any octasaccharides (FGF-8, VEGF); group 2, they bound to all octasaccharides containing 2-O-sufate but not to octasaccharides containing 6-O-sulfate (FGF-2); group 3, they had the affinity to 6-O-sufated octasaccharides but not to 2-O-sulfated ones (FGF-10); group 4, they showed the affinity to both 2-O-sulfated and 6-O-sulfated octasaccharides but preferred 2-O-sulfated ones (FGF-18, HGF); and group 5, they required octasaccharides having trisulfated disaccharide units in which both 2-O-sulfate and 6-O-sulfate are contained.
These results indicate that the approach using oligosaccharide libraries prepared in vitro is very useful to define the specific structures required for binding to various heparin binding proteins. In future, the useful sulfated oligosaccharides with the defined structures could be synthesized enzymatically.
